Background. Long-term use of cocaine (у15 years) and antiretroviral therapy (ART) have been implicated in cardiovascular complications. Nevertheless, the individual and combined effects of ART and cocaine use on silent coronary artery disease have not been fully investigated.
Since the introduction of HAART, HIV infection has become a chronic, manageable disease. With the dramatic improvement in survival of HIV-infected persons treated with HAART, coronary artery disease (CAD) has emerged as a key health concern in persons with HIV infection, especially because treatment-associated metabolic adverse effects of HAART have been observed [1] [2] [3] [4] [5] [6] [7] . Nevertheless, reports of cardiovascular adverse effects related to HAART have been inconsis- NOTE. ART, antiretroviral therapy; BMI, body mass index (calculated as the weight in kilograms divided by the square of the height in meters); BP, blood pressure; HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; IQR, interquartile range; LDL, low-density lipoprotein; NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; PI, protease inhibitor.
The primary objectives of this study were (1) to estimate the prevalence of significant coronary stenosis among HIV-infected persons using contrast-enhanced CT coronary angiography and (2) to examine the individual and combined effects of ART and associated factors, such as cocaine use, on silent CAD in African Americans with HIV infection. Prevalence of significant coronary stenosis, by duration of antiretroviral therapy (ART). The prevalences were 6.8% (5 of 74 patients), 5.6% (1 of 18), 27.8% (5 of 18), 25.0% (1 of 4), 23.1% (3 of 13), and 23.7% (9 of 38) among those who had never received ART, those who had received ART for у6 months, those who had received ART for 6-12 months, those who had received ART for 12-18 months, those who had received ART for 18-24 months, and those who had received ART for 124 months, respectively.
METHODS
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Figure 2.
Prevalence of significant coronary stenosis, by cocaine use status. The prevalences were 4.8% (1 of 21 patients), 8 .1% (7 of 87), and 28.1% (16 of 57) among those who had never used cocaine, those who had used cocaine for у15 years, and who had used cocaine for !15 years, respectively. ART, antiretroviral therapy.
graphic characteristics and drug-use behaviors, clinical examinations, lipid profiles, high-sensitivity C-reactive protein tests, and contrast-enhanced 64-slice multidetector (MD) CT for coronary artery calcium and coronary angiography were performed. Information about medical history and medications was obtained by interview and was confirmed by medical chart reviews. Information about cocaine (powered cocaine and crack cocaine) and other illegal drug (mainly heroin) use was collected, including frequency of use, form of drug, administration mode (e.g., injected or smoked), and duration of drug use.
Inclusion criteria were age 25-54 years, HIV seropositivity, and African American ethnicity (self-designated). Exclusion criteria were (1) any evidence of hypertension or ischemic heart disease, (2) any symptoms believed to be related to cardiovascular disease, and (3) pregnancy. Information about sociodemographic characteristics, medical history, medication use, and cocaine-use behaviors was obtained by interviewer-administered questionnaires. The Committee on Human Research at the Johns Hopkins School of Medicine approved the study protocol, and all study participants provided written informed consent. All procedures used in this study were in accordance with institutional guidelines.
Coronary CT angiography with 64-slice MDCT. Noncontrast MDCT was performed on a Sensation 64 Cardiac Medical Solutions scanner (Siemens) to determine the coronary artery calcium score with a sequential scan of 3-mm slices with prospective electrocardiographic triggering, 30 mm mm ϫ 0.6 detector collimation, and tube current of 135 mAs at 120 kV. Subsequently, coronary CT angiography was performed on the same equipment using 80 mL of isosmolar contrast agent (320 mg iodine/mL) injected at 4-5 mL/s. Imaging was performed with retrospective electrocardiograph gating, 32 mm mm ϫ 0.6 detector collimation with flying focal spot to give effective detector collimation of 64 mm, 330 ms gantry rotation, mm ϫ 0.6 850 mAs, and 120 kV. Subsequently, 0.75-mm-thick axial slices were reconstructed at 0.4-mm intervals with B25 kernel using a half-scan reconstruction algorithm, with resulting temporal resolution of 165-185 ms. Ten reconstructions were done through the cardiac cycle at 10% increments in the R-R interval. If needed, patients were given metoprolol prior to the scan to achieve a heart rate of !65 beats per min.
Coronary artery calcium score, volume, and mass were measured on a Leonardo workstation (Siemens Medical Solutions USA). Regions of interest were placed over each of the coronary arteries with a threshold for pixels 1130 HU for determining calcified plaque. Coronary vessels were assessed for patency and stenosis using 3D visualization tools after the axial images were reviewed for determination of anatomy, quality of the study, and appearance of the vessels.
Two reviewers (H.P. and E.K.F.; both were blinded to the risk profile of participants) independently evaluated the contrast-enhanced MDCT images by examining the axial slices, curved multiplanar reformations, and thin-slab maximum-intensity projections. The coronary artery tree was segmented according to the modified American Heart Association classification [13] , and the segments were investigated for plaque and lumenal narrowing. The coronary arteries were divided into proximal, mid, and distal segments, with each segment investigated for lumenal narrowing. Plaques were classified as calcified or noncalcified, and the degree of stenosis was classified as a diameter of stenosis of !50% or у50%. Diameter stenosis у50% was defined as significant coronary stenosis.
Statistical analysis. Statistical analysis was performed using SAS Software (SAS Institute). All continuous parameters (1 of 61 patients), 14.9% (7 of 47), 16 .1% (5 of 31), and 42.3% (11 of 26) among those who had never used cocaine or used it for у15 years and never received ART or received ART for !6 months, those who had never used cocaine or used it for !15 years but received ART for у6 months, those who used cocaine for у15 years and never received ART or received ART for !6 months, and those who had used cocaine for у15 years and received ART for у6 months, respectively.
were summarized as medians and interquartile ranges, and all categorical parameters were summarized as proportions. To compare between-group differences in demographic and clinical characteristics, lipid profiles, drug-use behaviors, and other factors, the nonparametric Wilcoxon 2-sample test was used for continuous variables and the Fisher's exact test was used for categorical variables.
The Clopper-Pearson approach was used to calculate 95% exact binomial CIs [14] . Because the number of participants with significant coronary stenosis was relatively small, an exact logistic regression model was used to examine associations between factors and significant coronary stenosis [15] . Univariate logistic regression models were first fitted to evaluate the crude association between the presence of significant coronary stenosis and each of the following factors individually: age, sex, total serum cholesterol level, high-density lipoprotein cholesterol level, low-density lipoprotein cholesterol level, serum triglyceride level, high-sensitivity C-reactive protein level, cigarette smoking, alcohol use, glucose level, blood pressure, body mass index (calculated as the weight in kilograms divided by the square of the height in meters), current CD4 cell count, current HIV RNA quantification, ART status, and cocaine or other illicit drug (heroin) use. Because the median duration of cocaine use was 13 years, a dichotomous variable, duration of cocaine use (у15 years vs. !15 years), was created to examine long-term effects of cocaine use. ART was categorized on the basis of exposure to 3 classes (nucleoside reverse-transcriptase inhibitors, nonnucleoside reverse-transcriptase inhibitors, and protease inhibitors) and the duration of ART. The factors that were significantly significant at in the univariate models P у .10 were put into the multiple logistic regression models to identify the factors that were independently associated with the presence of significant coronary stenosis. The variables that ceased to make statistically significant contributions to the models were deleted in a stagewise manner, yielding the final models. To explore whether short-term (up to 6 months) use of ART increased or decreased the risk of CAD, duration of ART was categorized as both trichotomous (ART naive, use for !6 months, or use for у6 months) and dichotomous (ART naive or use for !6 months or use for у6 months). The Framingham risk score was calculated to estimate the CAD risk [16] .
To evaluate the magnitude of potential risk associated with ART, the multiple correlation coefficient R 2 proposed for the logistic regression model was used to measure the proportion of variation explained by potential risk factors [17] . The P values reported are 2-sided. A P value !.05 indicated statistical significance.
RESULTS
Patient Characteristics
The general and clinical characteristics of the study participants by the presence of significant coronary stenosis are presented in table 1. According to the Framingham risk score algorithm, 100 (60.6%) of the 165 participants (60 of the 106 men and 40 of the 59 women) had a low risk of CAD, and 11 (45.8%) of the 24 participants (10 of the 21 men and 1 of the 3 women) with significant coronary stenosis had a low risk of CAD [16] .
Prevalence of Significant Coronary Stenosis
The overall prevalence of the presence of significant coronary stenosis was 15% (95% CI, 9.5%-20.9%). The prevalence by duration of ART is presented in figure 1 . There was no statistically significant difference in the prevalence of significant stenosis between those who were ART naive and those who received ART for у6 months ( ). Nevertheless, compared P p 1.00 with the prevalence among those who were ART naive (6.8%), the prevalence among those who received ART for 16 months (24.7%) was significantly higher ( ). The prevalence by P p .003 duration of cocaine use is shown in figure 2 , and the prevalence by durations of cocaine use and ART exposure is shown in figure 3 .
Factors Associated with the Presence of Significant Coronary Stenosis
By univariate logistic regression analyses, conventional risk factors associated with the presence of significant coronary stenosis included age у50 years, male sex, diastolic blood pressure у80 mm Hg, total serum cholesterol level у160 mg/dL, serum lowdensity lipoprotein cholesterol level у100 mg/dL, triglyceride level у130 mg/dL, and Framingham risk score of у3. Non- NOTE. ART, antiretroviral therapy; BMI, body mass index (calculated as the weight in kilograms divided by the square of the height in meters); BP, blood pressure; CRP, C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
a In the first "ART exposure," ART !6 months and ART у6 months was compared with ART naive. Because ART !6 months was not different from ART naive, ART !6 months and ART naive were combined for the second "ART exposure."
conventional risk factors associated with the presence of significant coronary stenosis included cocaine use for у15 years, use of nonnucleoside reverse-transcriptase inhibitors for у6 months, and exposure to any ART for у6 months. Heroin use was not associated with significant coronary stenosis. The final model indicated that a significant risk of the presence of significant stenosis was associated with previously described conventional risk factors, including male sex (adjusted OR, 5.04; 95% CI, 1.19-31.5), diastolic blood pressure у80 mm Hg (adjusted OR, 5.94; 95% CI, 1.58-25.5), and lowdensity lipoprotein cholesterol level у100 mg/dL (adjusted OR, 6.10; 95% CI, 1.69-25.2). The analysis also revealed that both cocaine use for у15 years (adjusted OR, 7.75; 95% CI, 2.26-31.2) and receipt of ART for у6 months (adjusted OR, 4.35; 95% CI, 1.30-16.4) were independently associated with the presence of significant coronary stenosis (table 2) . Interaction between use of cocaine for у15 years and receipt of ART for у6 months was not statistically significant in the multiple logistic regression model.
Associations between ART and the Presence of Significant Coronary Stenosis
Receipt of ART. After controlling for cocaine use for у15 years and the above-mentioned conventional risk factors, use of nucleoside reverse-transcriptase inhibitors was marginally associated with significant stenosis (adjusted OR, 3.86; 95% CI, 0.87-21.8; ) (table 3) . P p .08 Duration of exposure to ART. After controlling for cocaine use for у15 years and the above-mentioned conventional risk factors, exposure to nucleoside reverse-transcriptase inhibitors for у6 months was significantly associated with significant coronary stenosis (adjusted OR, 5.13; 95% CI, 1.10-31.4; P p ) (table 3) . .035
Receipt of a regimen containing an individual antiretroviral NOTE. ORs could not be estimated for zalcitabine, delavirdine, abacavir, amprenavir, ritonavir, and saquinavir because of the small number of observations. Adjusted ORs were obtained after controlling for sex, duration of cocaine use (!15 years vs. у15 years); diastolic BP (у80 mm Hg vs. 180 mm Hg); and low-density lipoprotein cholesterol level (!100 mg/dL vs. у100 mg/dL). NNRTI, nonnucleoside reversetranscriptase inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; PI, protease inhibitor. drug. After controlling for cocaine use for у15 years and the above-mentioned conventional risk factors, both receipt of a regimen containing lamivudine and receipt of a regimen containing combivir were marginally associated with significant stenosis (table 3) .
Duration of receipt of a regimen containing an individual antiretroviral drug. After controlling for cocaine use for у15 years and the above-mentioned conventional risk factors, both stavudine use for у6 months (adjusted OR, 18.1; 95% CI, 1.51-ϱ,
) and combivir use for у6 months (adjusted OR, P p .02 5.94; 95% CI, 1.05-44.5;
) were significantly associated P p .043 with significant stenosis. Atazanavir use for у6 months was univariately significantly associated with significant stenosis; nevertheless, the association became insignificant after controlling for the potential confounding factors (table 3) .
Proportion of variation of the presence of significant stenosis explained by ART. According to the proportion of variation explained analysis, female sex, cocaine use for у15 years, diastolic blood pressure у80 mm Hg, low-density lipoprotein cholesterol level у100 mg/dL, and receipt of ART for у6 months combined explained 35.9% of variation. Although female sex, cocaine use for у15 years, diastolic blood pressure у80 mm Hg, and low-density lipoprotein cholesterol level у100 mg/dL explained 6.9%, 7.7%, 6.9%, and 8.7% of the variation, respectively, the adjusted (for the other predictors) proportion of variation explained for receipt of ART for у6 months was 1.6%, implying that only 1.6% of cases of significant stenosis could be explained by receipt of ART for у6 months.
DISCUSSION
To our knowledge, this is the first study to examine whether exposure to ART is associated with silent CAD in African American adults with HIV infection who do not have cardiovascular symptoms. Overall, although African Americans account for only ∼13% of the US population, one-half of the estimated new HIV and AIDS diagnoses in the United States in 2004 were among African Americans [18] . According to the 2 US National Health and Nutrition Examination Surveys, among non-Hispanic African Americans, a history of use of cocaine or other illicit drugs had the strongest effect on risk of HIV infection, and 140% of HIV-infected individuals used cocaine or other illicit drugs [19] . Thus, up to 20% of HIV-infected persons in this country may abuse cocaine.
This study suggests that short-term receipt of ART was not associated with an elevated risk of significant stenosis. The crude OR for receipt of ART for !6 months was 0.99; however, after controlling for potential confounding factors, the adjusted OR for receipt of ART for !6 months decreased to 0.63, although the change was not statistically significant.
The findings from this study suggest that long-term ART (duration of ART, у6 months) is significantly associated with an increased risk of significant stenosis. The finding is consistent with those derived from the Data Collection on Adverse Events of Anti-HIV Drugs study [20] .
Long-term cocaine use has been implicated in premature atherosclerotic CAD in postmortem studies. Quantitative studies of the aorta and coronary arteries in humans at autopsy have noted moderate to severe coronary atherosclerosis in young persons who used cocaine and were otherwise at low risk for coronary atherosclerosis [21] [22] [23] [24] [25] [26] . Cocaine use has also been linked to the presence of coronary calcification [27, 28] . According to this study, the magnitude of increased risk of significant stenosis associated with long-term cocaine use could be 5 times higher than that associated with long-term ART use. Therefore, this study highlights the importance of implementing effective screening and intervention programs for cocaine abuse in health care settings.
This study suggests that the prolonged use of certain nucleoside reverse-transcriptase inhibitors (specifically stavudine or lamivudine plus zidovudine), not protease inhibitors, may lead to occult CAD, independent of conventional risk factors and other related factors. This study also suggests that longer duration of receipt of these drugs may be associated with significant stenosis. In fact, it has been previously reported that regimens containing stavudine increase the risk of myocardial infarction [29] and may increase triglyceride and total cholesterol levels and induce insulin resistance [30] . Great caution should be used when interpreting the results of our study. First, most patients were receiving thymidine analogues. Most of the antiretroviral drugs assessed had adjusted ORs ranging from 3.3 to 19.9, including nevirapine, efavirenz, nelfinavir, didanosine, zidovudine, indinavir, and kaletra; the identification of stavudine and lamivudine plus zidovudine may be related to selection bias in how drugs were prescribed. Second, because most participants had been exposed to multiple drugs simultaneously or sequentially, these analyses could not identify the net effect of each drug. Actually, it is unlikely that such a limitation could be overcome, because current treatment regimens involve multiple drugs.
This study also suggests that the magnitude of risk associated with ART is quite low after adjustment for traditional risk factors and cocaine use in this population; only 1.6% of the cases of significant stenosis could be explained by receipt of long-term ART. In addition, probably because of the small sample size, this study did not identify any dose-response relationship between the duration of ART and the presence of significant stenosis. Nevertheless, the effect of ART on silent CAD was significant, even on the basis of a very conservative exact logistic regression model, and actions should be taken to lower the risk.
This study has several limitations. First, because the study population consisted of African Americans and was not a random sample of persons with HIV infection, the results should be interpreted with caution. Second, because the original design was to evaluate the effects of cocaine use and protease inhibitorbased HAART on subclinical atherosclerosis, those with hypertension and other existing cardiovascular conditions were excluded. Thus, the study population was healthier than the target population. Third, because the majority of participants were smokers, the effects of cigarette smoking on significant stenosis could not be evaluated, both individually and com-bined. Fourth, the study is cross-sectional in nature. Fifth, because of the nature of cross-sectional design, there was no adjustment for some hidden confounding factors, such as socioeconomic status. Furthermore, because this study was performed among African Americans living in inner-city Baltimore, where cocaine use is often intertwined with other drug addictions, the effects of these drugs (or multiple-drug interactions) on CAD could not completely be controlled for by statistical analyses. Sixth, although noninvasive coronary CT angiography provides an excellent diagnostic tool, revealing the atherosclerotic burden, 10%-14% of coronary arterial segments visualized by coronary CT angiography are not assessable [31] . Nevertheless, recent studies have reported excellent diagnostic accuracy for 64-slice MDCT in the detection of significant stenosis in smaller coronary artery segments and side branches (sensitivity, 86%-94%; specificity, 93%-97%) [32] [33] [34] [35] . Seventh, although a synergistic effect of long-term cocaine use and ART use was suggested (figure 1), the synergistic effects of these 2 factors were not significant because of the sample size. A larger study with at least 800 participants is needed to identify the synergistic effects, according to a post hoc estimation.
Despite its limitations, this study's findings of an unexpectedly high rate of silent CAD in HIV-infected African American men and women who did not have cardiovascular symptoms have disturbing but important implications for early prevention of CAD and the management of clinically silent CAD in this population. The study strongly suggests that, for HIV-infected persons who are receiving ART, an aggressive reduction of traditional risk factors for CAD, including lowering low-density lipoprotein cholesterol levels and maintaining optimal blood pressure, is ultimately vital to lower the risk of CAD. Because long-term cocaine use imposes an alarming risk of CAD, treatment for substance abuse is critical. This study could not examine the net effect of a particular antiretroviral agent on subclinical CAD, although duration of HAART itself was a risk. Primary prevention strategies, including regular exercise and smoking cessation, should also be recommended for all patients with HIV infection. However, the most important intervention for HIV-infected persons receiving ART is lifestyle modification, including cocaine use cessation.
